A novel finding, that spine-shaped elementary Sn can be prepared by using a constant voltage electrolysis method, was reported for the first time in this communication. The well-defined spine morphology of the prepared sample was evidenced by the SEM image, and the formation of elementary Sn particles with relatively higher crystallinity was documented by the obtained XRD pattern. More importantly, the galvanostatic charge-discharge measurement results indicated that the initial discharge capacity of the prepared sample was as high as 439 mAh g -1 at 100 mA g -1 , and after 20 cycles, the discharge capacity could be maintained at about 101 mAh g -1 under the current density of 100 mA g -1 . Showing the preparation of spine-shaped elementary Sn was the main contribution of this work, which was not only beneficial to the development of anode material of LIBs but also very favorable to the improvement of microelectronic devices.
INTRODUCTION
Recently, the drawbacks, such as the lower theoretical capacity and the safety issue, of using graphite as the anode material for LIBs have been claimed by many LIBs-related researchers [1] . Thus, developing novel kinds of anode material to replace graphite has turned into a hot topic in the research realm of LIBs. Amongst the newly developed anode materials, elementary Sn has been regarded as a promising anode material mainly due to its higher theoretical capacity (992 mAh g -1 ), abundant resources and environmental benignity [2] . However, the rapid capacity fading of Sn in operation, which was primarily resulted from the huge volume variation of Sn during cycling, was demonstrated to be the major reason limiting the further application of Sn in the commercial LIBs. Being composited with carbon [3] and creating nanostructured Sn particles [4] were thought as the main two ways to solve above problems. Also, as far as we know, the electrochemical performance of an electrode material was closely related to its morphology [5] . Thus, creating a special morphology was also a feasible way to promote the electrochemical performance of an anode material. For example, block shaped Sn particles with a size less than 100 nm, which were purchased from Aladdin, were used as anode materials for LIBs in Yang's work [6] . Piao's group [7] developed a novel kind of anode material for LIBs, namely, Sn/SnO x -loaded uniform-sized hollow carbon spheres on graphene nanosheets. And in their works, the resultant agglomerated Sn particles had a size of 100-300 nm. Yin [8] designed a novel three-dimensional porous Sn@PVP-CX composite for LIBs, in which the spherical Sn nanoparticles (NPs) were prepared via a chemical reaction using SnCl 2 and NaBH 4 as the starting materials. Elementary Sn nanoparticles can also be fabricated using an electrochemical method. For example, the galvanostatic electrodeposition of irregular Sn particles was successfully achieved by Han's group in 2008 [9] , and in their works, the electroplating solution contained SnCl 2 and citrate. Also, the synthesis of non-regular Sn particles with a dendritic growth was accomplished by Anicai's group [10] by using a constant current method. To the best of our knowledge, the preparation of spine-shaped Sn particles using a constant voltage electrolysis method has not been reported so far, not to speak of using spine-shaped Sn particles as anode materials for LIBs.
EXPERIMENTAL

Electrochemcial preparation of the spine-shaped Sn particles
The synthesis of the spine-shaped elementary tin (Sn) was conducted by a very simple method of constant-potential electrolysis. Briefly, two Sn foils with an identical size of 80×30×0.5mm as the electrodes were placed in a 0.5M glacial acetic acid contained beaker. And then the two electrodes were respectively connected with the anode and cathode of a DC stable power supply (WYJ series, Shanghai Querli Electrical Equipment Co., Ltd.). And then the decomposition voltage was controlled at 10 V for 15 min. Subsequently, the cathode was took out and carefully washed by distilled water for several times. Finally, the scraped coatings of the cathode were collected and heated at 80 °C in a drying oven for 30 min, after a thorough 20 min milling, the spine-shaped elementary Sn particles were prepared. Emphatically, no Sn salt was contained in the electroplating solution of 0.5M glacial acetic acid, which was another novelty of this work.
Electrochemical measurements
The half-cells were constructed by a working electrode and a counter electrode. The working electrode was prepared basing on our previous work [11] . Evidently, the metallic lithium foils were employed as both the auxiliary and reference electrodes. The galvanostatic charge-discharge measurements were conducted on an equipment of CT-3008W-5V20mA-S4 (Shenzhen Neware Electronics Co., Ltd. China). In above experiment, the starting voltage and the cut-off voltage were respectively 0.01V and 2 V. Figure 1 . SEM image for the prepared sample. The inset was the XRD pattern of the resultant sample.
RESULTS AND DISCUSSION
The morphology of the resultant sample was examined by SEM and given in Fig.1 . Apparently, the length of the so-called spine was about 50 μm, and the length of intertransverse bone ranged from 0.8 μm to 5 μm. Also, it was evident that the huge spine was constructed by many small single crystals. To the best of our knowledge, this is the first time to report the preparation of spine shaped elementary Sn particles, though Sn particles with spherical morphology [8] or irregular shape [9] have been successfully produced in the previous works. This particular shape of Sn particles was probably helpful to the development of microelectronic devices [15] and microcircuit [16] , to our knowledge. The inset was the initial chargedischarge profile for the resultant half-cell at 100 mA g -1 .
The XRD pattern of the prepared sample, as well as the standard XRD pattern for elementary Sn, is illustrated by the inset of Fig.1 . The presence of higher diffraction peaks indicated the better crystallinity of the prepared sample. The diffraction peaks, which were positioned at about 30.6º, 32.2º, 44.1º, 45.0º, 55.5º and 62.7º, corresponding to the crystal facets of (200), (101), (220), (211), (301) and (112), respectively, are the main characteristic reflections of face centered cubic crystalline elementary Sn (JCPDS No. 04-0673) [12] . The XRD patterns of other impurities like SnO 2 [13] and SnO [14] were not displayed in Fig.1 which indicated that the prepared sample was pure elementary Sn.
The initial charge-discharge profile of the sample is given by the inset of Fig.2 . Clearly, a relatively stable discharge voltage plateau was observed at about 0.42V, which was accompanied by a charge voltage plateau of at around 0.6V. In the previous work of using Sn as anode for LIB [6] , no flat charge and discharge voltage plateaus were displayed. Generally, the presence of the flat charge or discharge voltage plateaus usually indicated a pure two phase transition in the charge or discharge process [5] . Thus, it can be concluded that the purity of the prepared spine-shaped Sn particles was higher as compared to the previously prepared Sn. The initial charge and discharge capacities of the prepared sample were 453 and 440 mAh g -1 , respectively. It strongly indicated that the chargedischarge process of the sample was not a reversible process, which was detrimental to the cycling performance of a Li ion battery. Although the discharge capacity of Sn anode reported here was smaller as compared to the published work [6] , the spine-shaped elementary Sn particles were really presented in this work for the first time.
The cycling performance of the prepared samples was also evaluated and illustrated in Fig.2 . Evidently, the discharge capacity decreased obviously with increasing the cycle number. For instance, after 20 cycles, the discharge capacity decreased from 440 mAh g -1 to 101 mAh g -1 at the current density of 100 mA g -1 . This result strongly demonstrated that the prepared spine-shaped elementary Sn could be employed as anode material for LIBs, though a smaller discharge capacity was delivered by the resultant sample. To further investigate the delithiation/lithiation process in the synthesized sample, the cyclic voltammograms (CVs) of the half-cell were recorded and shown in Fig.3 . In the anodic potential scanning, an oxidation peak centered at about 0.8V was displayed, which was generally originated from the delithiation process [5] . While, in the negative potential scanning, three small reduction peaks of at 0.17V, 0.52V and 0.90V were respectively displayed which were commonly from the lithiation process in the produced sample. This result strongly indicated that the delithiation/ lithiation process, namely, xLi+Sn-xe↔Li x Sn [6] , was not a reversible process, being well consistent with the results shown in Fig.2 . The Nyquist plot of the half-cell was also recorded and illustrated by the inset of Fig.3 . Evidently, the shape of this Nyquist plot was very similar to our previous work concerning the Nyqusit plot of a lithium half-cell [17] . Among all the parameters derived from the Nyquist plot, the value of R ct was the most widely used parameter through which the kinetics of the charge-discharge process could be compared directly. Generally, a smaller value of R ct corresponded to a faster kinetics of the charge-discharge process. The value of R ct here was close to 140 Ω which was close to that of initial Nyquist plot for the Sn/CNT/PVDF [6] .
CONCLUSIONS
For the first time, spine-shaped elementary Sn was prepared by a constant voltage electrolysis method, in which no Sn-based salt was contained in the electroplating solution. Also, it was documented for the first time that the spine-shaped elementary Sn could be employed as anode material for LIBs though the discharge capacity of the prepared sample was not superior to that of the currently reported Sn-based anode material. This novel finding was believed to be very beneficial for both the development of anode materials for LIBs and the exploration of microelectronic devices or the microcircuit.
